Abstract
when there is a greater reliance on public transport.. This is particularly the case when bulk of such transport takes place through the railways which necessarily has to have space earmarked for it. On the other hand private transport is more comfortable and more convenient and takes the user from door to door. The inconvenience of waiting for buses or walking a mile to the next bus stop is avoided.
The discussion in the last paragraph does give us an idea about where each type would be the preferred means of transport. A high density of population increases the threat of pollution damage and congestion. Therefore, an attempt should be made to economise on the number of vehicles used for transport. Clearly, public transport is the answer for such high density urban regions. This is is particularly true when the city is compact and spread over a relatively smaller area as it is possible to have a high density 1 railroad or bus network crisscrossing it. High population density implies a higher occupancy level of means of mass transit. Therefore, the per capita cost to the public supplier of providing transport facilities is lower. Table 1 provides relevant data for Indian cities and Table 2 provides matching information for the cities of the developed world located in Europe, Australia and North America. We find that Indian cities are generally characterized by higher population densities than Western cities. In the list of major Indian cities provided below Mumbai has the highest population density of 29,650 persons per square km whereas Delhi with 9500 has the lowest population density. Compare this with the cities of the developed world in Table 2 . Athens has the highest population density of around 5500 which is around 4000 less than that of last placed Delhi in Table 1 . Atlanta is the least densely populated city listed in Table 2 with a density of only 700 persons per sq km. In terms of Table 2 has a metro rail network whereas only two cities in India (Kolkata and Mumbai) have a comprehensive rail network and another (Delhi) has the beginnings of one. To make matters concrete, let us define public and private transport in India such that the latter consists of travel by two wheelers, auto, cars or cabs whereas travel by bus, tram or rail constitutes public transport. Empirical studies also suggest that private transport is much more expensive than mass or public transport for the community at large. In a study by the International Association of Public Transport (2005) of 50 cities in the developed world, the cost of transport for the community varies inversely with the sum of population and job density.
If the value of this variable is less than 25 per hectare the cost is around 12.4 % of GDP but a density greater than 100 implies a cost of transport which is around 5% of GDP. In towns in which trips by public transport, walking or bicycle comprise more than 55% of total trips this share is around 6.3% whereas if the share of such trips is less than 25% then the transport bill equals 12.5% of GDP. Thus, Indian towns, which are characterized by high population density and relative compactness in size, should be able to reap huge savings if they rely more on public transport.
Policies seen to be biased towards private transport in Indian cities. Car and twowheeler loan disbursals have picked up and parking spaces are still cheaply available or available free of cost. With rapid economic growth and an expansion of the middle class, the mushrooming of private vehicles should continue with the intensification of attendant congestion and pollution problems. Average travel time should also continue to increase, leading to productivity losses. Only a major shift in transport policy, which promotes public transport at the expense of private transport, can help us avoid the inevitable.
The rest of the article is organized as follows. Section II looks at the relationship between pollution and the reliance on public transport. Section III provides policy implications and Section IV concludes.
II. The Pollution Problem
Public transport leads to major savings in energy consumption and a substantial reduction in pollution. Public transport consumes around one-third of the energy that is consumed by motor transport per passenger km (International Association of Public Transport, 2005). Table 4 gives the pollution levels in major cities of the developed western world in 1995. Apart from Athens, which has a problem of "suspended particulate matter pollution", all other cities exceeded the WHO recommended maximum level only for nitrogen dioxide pollution, if at all. Moreover, these excesses were not major. The Indian cities listed in Table 5 Jagmohan, 2005) . However, a paper by Dahl et.al. (2004) shows that that it also depends crucially on the frequency of contact of vehicle tyres with the road surface. The number of particles generated is of the order of 10 12 per km per vehicle. It can be expected then that particulate pollution would be affected positively by the interaction of dusty conditions and high vehicle density, which often characterizes the predominance of private transport. A switch to public transport, by reducing the number of vehicle kilometres traveled 2 , should therefore reduce particulate pollution.
Please note that it might not be possible to draw any significant association between the size of the vehicle fleet (which often depends upon the relative reliance on public transport) and particulate or other pollution. Factors such as age of the vehicle fleet, the type of fuel used, fuel efficiency, intensity of vehicular use and local conditions such as the incidence of dust all affect the level of pollution. However, at least for the Indian scenario the data on these variables are incomplete. Moreover, vehicular sources, though an important source of pollution, are not the only major source. Industrial activity and use of conventional and inferior cooking fuels (such as firewood and dung cakes) by the urban poor are other sources of pollution in urban India.
However, scientific studies such as the one maintained in the last paragraph and plain common sense (about public transport decreasing the number of vehicular engines used) can help us conclude that any increase in the reliance on public transport should decrease vehicular emissions and pollution in cities.
III. Policy Implications
Even if we agree that Indian cities should place more emphasis on public transport it would not be easy to bring about such a change. Economic theory suggests that consumers allocate their income among goods such that the marginal utility from a rupee spent on any good or service is the same. Thus, after a person has finished allocating his income among various uses where he puts an additional bonus rupee coming to him ( be it food, transport or clothes) should not matter to him. and increase in frequency of services then people might respond to an increase in parking fees more through a shift to public transport rather than decline in travel. Given that travel is an input into both recreational and productive uses it follows that utility and productivity are both enhanced. Moreover, the adverse environmental and resources outcomes are avoided. And most importantly, there is also a reduction in congestion.
It is necessary to have incentives for switching over to public transport as well as disincentives for continuing to travel by private means. An example of the former is a more dense public transport network, better traveling conditions and so on. An example of the latter is higher parking, toll and registration charges for private transport. While the former alone does encourage people to switch over to public transport it is not adequate in itself to ensure good quality public transport. The quality of public transport depends upon external factors to a great extent. While congested roads increase travel time both for commuters using private and public transport congestion probably affects public commuters more as public transport takes a circuitous route in order to accommodate differing travel plans.
3 By unification we mean the exploitation of the complementarity and substitutability among these networks, synchronization of travel timings and frequency and the provision of common fare cards which can be used on all these means of transport. An example of such a unified system is the Melbourne Public Transport System (For details see www.metlinkmelbourne.com.au).
Consider the route taken by a bus which takes 50 minutes on an uncongested day.
A passenger who takes the bus to travel from one end point to another would probably have covered the journey in 30 minutes flat on an uncongested road if the bus did not take a circuitous route. On a congested day such a circuitous route takes 80 minutes.
Again a straight route would have resulted in a lower travel time of say 48 minutes.
However, the fact that a bus has to take a circuitous route implies that the marginal effect of congestion on travel time is greater for public transport than private transport. Public transport with dedicated lanes are an exception to this rule but might not be possible in many old and crowded Indian cities with narrow roads. Second, congestion means higher travel times and public transport never being able to stick to its stipulated schedule. Thus, an outcome of congestion is a long waiting time and considerable uncertainty, a drawback from which private transport does not suffer.
Thus, mere incentives may not ensure that a critical mass of people switches to public transport. Such a critical mass maybe attained if both incentives and the mentioned disincentives are in place. Further, as congestion decreases noticeably because of the attainment of such critical mass, there is a significant reduction in both travel time and waiting time. While commuters using private transport also benefit the gain is not two pronged (decline in travel time, waiting time and uncertainty) as in the case of commuters using mass transport. This again causes a further switch to public transport and so on.
The net result is that people on the whole are able to achieve a reduction in travel and waiting time and also achieve a reduction in private and environmental cost. Moreover, higher parking and toll charges, which are part of the disincentive package, might also be useful ways of financing the mentioned additions or improvements to the public transport system.
IV. Conclusions
It seems that that a greater reliance on public transport is needed for Indian cities as these are both compact in size and heavily populated. Public transport through buses, trains or tram consumes less space per passenger transported and leads to lower congestion. By economizing on the number of vehicle kilometers pollution is also kept to the minimum. Compactness and high population density implies that a high density transport network can be constructed and maintained at a relatively low per capita cost.
This article recommends that both incentives and disincentives (for private transport) are needed to promote the use and sustainability of public transport. Incentives include better quality and more comfortable public transport with higher frequency of trips, low waiting time and a unified public transport system. Disincentives for private transport include higher parking and toll charges. 
